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Abstract

These experiments were conducted to control the root-knot nematodes,
Meloidogyne incognita under both greenhouse and field conditions in superior
seedless vineyards and its reflection on yield. The field experiment was carried out
in a private vineyard (El Wady El Faregh) in Alexandria-Cairo road (kilo 78). Seven
treatments were used as follows: two bioagents (Bacillus subtilis and Trichoderma
harzianum), two blue green strains algal species (Cyanobacteria) (Spirulina
platensis and Oscillatoria sp.) and two plant aqueous extracts (Ambrosia maritime
and Eucalyptus globules) at three concentrations, and in comparison with oxamyl
(24% EC) were used to control Meloidogyne incognita on superior seedless
vineyards on grapes under both greenhouse and field conditions. Bioagents, algal
species and plant extracts were added to the soil under vines one time weekly for
three weeks after bud burst under both greenhouse and field conditions.

The most effective treatments in controlling root-knot nematodes;
Meloidogyne incognita were both Spirulina platensis and Oscillatoria sp whereas
the least effective was suspension of Eucalyptus globules under both greenhouse
and field conditions. Both Spirulina platensis and Oscillatoria sp acheived the
highest reduction effect on number of 2M stage juveniles in soil, numbers of galls,
developmental stages, females, egg masses, egg numbers/egg mass in roots and
final population Meloidogyne incognita on grape plants, whereas the suspension of
Eucalyptus globules was the least effective treatment under both greenhouse and
field conditions. In addition all treatments increased fresh weight of the whole plant
over control under greenhouse conditions.

Results showed that all the treatments had a significant effect in reducing the
total population and build up of root — knot nematodes, Meloidogyne incognita in
both soil and roots especially after three months from the time of application. In
addition, all treatments had increased the yield of superior seedless grapevines
under field conditions.

Keywords: Meloidogyne incognita, control, superior seedless grapevines,
bioagents, algal species and plant aqueous extracts.
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Introduction

Grape (Vitis vinifera L.) is considered as one of the most important, favorable
and economic fruits in the world. Also, it is one of the most economic fruit crops in
Egypt. Earlier ripening cultivars in Egypt are suitable for export purposes. Superior
seedless grapes are preferred to European, Arab and Asian countries, besides its
earliness in markets. Superior seedless grapevines is one of the most leading group
cultivars in Egypt and in the world.

Nematode problems are considered one of the greatest challenges facing
expansion of viticulture plantations in Egypt. Root- knot nematodes, Meloidogyne
spp., are considered one of the most economically important and complex group of
plant parasitic nematodes causing damage and high yield losses on most cultivated
plants throughout the world especially in the developing countries. In Egypt, severe
nematode infestations forced grape growers to uproot their grape vines and obliged
them to let the land lie fallow for many years before its replanting. The world
estimated losses due to nematode damage ranges from 12.5 to 20.0% of vine
growth and productivity (Kesba, 1999). Also, (El Gendy & Shawky 2006 and Ali et
al., 2012) reported that Meloidogyne incognita cause damage to superior and
Thompson seedless grapevines.

Nowadays, nematologists all over the world are keeping searching for
alternative control measures to avoid soil pollution with nematicides. Also, in recent
years, the awareness of the nematicides hazards to human and environment has
directed the attention towards soil-borne antagonists as an alternative method to
chemical control. In addition, use of chemical nematicides is prohibited in organic
farming. Therefore, there is a need to develop alternative, environmentally friendly
management tactics for plant-parasitic nematodes (Noling and Becker, 1994).
Application of microorganisms antagonistic to Meloidogyne spp., or compounds
produced by the microbes, could provide additional opportunity for managing the
damage caused by root-knot nematodes to grapes crops.

Recently, numerous research papers have focused on biological control
agents with the objective of controlling the parasitic nematodes and to overcome the
nematode damage by using Trichoderm harzianum act through different mechanisms
including mycoparasitism, and through production of antibiotic substances and also act
through production of destructive enzymes i.e, chitenase (Faruk et al., 2002;
Siddiqui and Shaukat, 2004;Shawky & Abd El- Moneim, 2005; Sahebani &
Hadavi, 2008; Abd El- Moneim et al., 2010 and Ali et al., 2012). Bacillus subtilis
is reported as a bio-control agent against root-knot nematodes. Moreover it act
through production of number of antibiotics as bacterocin and subitisin antibiotics
(Ferreira, 1991; Farahat,1998; Khan et al., 2002; Shawky & Abd El- Moneim,
2005 and Shawky et al., 2010).

Blue green strains algal species (Cyanobacteria) (Spirulina platensis and
Oscillatoria sp.) with some algae strains showed a remarkable reduction in the
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nematode population; M. incognita and improved the fresh weight and cucumber
yield under greenhouse Shawky et al., 2009).

The impact of aqueous plant extracts on plant parasitic nematodes has been
reported by several authors. Plant extracts of Eucalyptus; Eucalyptus globules has
nematicidal effect on nematode population according to (Shaukat et al., 2003;
2006; Ali, et al., 2012 and Shawky & Al-Ghonaimy, 2015). Ambrosia maritima
(damsisa) as intercropped plants with soybean (Glycine max) cv. Giza 21 infected
with Meloidogyne incognita, significantly (P < 0.05 and 0.01) reduced nematode
numbers on soybean as indicated by the percent reduction of galls, developmental
stages and egg masses in roots and juveniles (J2) in soil. Addition of chopped
green leaves of A. maritima to the soil planted to soybean significantly (P < 0.05
and/or 0.01) reduced M. incognita reproduction and development. A. maritima also
had an adverse effect on soybean plant growth (El-Hamawi, et al., 2004). Also,
Ambrosia maritime includes thogene, flanders, glicocin, lambrosen, acassese,
arthmin (Gad-EI-Rab, 2000 and Khalil & Shawky, 2008).

The present work was also carried out to throw some light on the impact of
some non-chemical materials control agents namely: bioagents (Bacillus subtilis
and Trichoderma harzianum), two blue green strains algal species (Cyanobacteria)
(Spirulina platensis and Oscillatoria sp.) and two plant aqueous extracts (Ambrosia
maritime and Eucalyptus globules) in comparison with oxamyl (24% EC) as a
nematicide in controlling root knot nematode; Meloidogyne incognita in superior
seedless grapevines, as well as their effect on vine yield fruit quality.

Materials and Methods

1. Efficacy of some bioagents, algal species and plant extracts in controlling
Meloidogyne incognita on grape under greenhouse conditions:

In this study seven different treatments were used as follows:
Bioagents micro-organisms (Trichoderma harzianum and Bacillus subtilis)

Blue green strains algal species (Cyanobacteria) (Spirulina platensis and
Oscillatoria sp.).

Plant aqueous extracts (Ambrosia maritime and Eucalyptus globules)
Oxamyl (24% EC) as nematicide
Check treatment with nematode only.

The isolate of Trichoderma harzianum was obtained from Central Laboratory
of Organic Agricultural Research Center, Giza, Egypt. The concentrations of
Trichoderma harzianum were (1x10°,1x10%5x10° cfu)/ ml. The isolate of Bacillus
subtilis was obtained from Soils & Water and Environment Research Institute,
AR.C., Giza, Egypt. The concentrations of Bacillus subtilis were (1x10°, 1x10°,
5x10° cells/ ml).
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The isolates of Spirulina platensis and Oscillatoria sp. were obtained from
Algae Department, Soils & Water and Environment Research Instiute, A.R.C., Giza,
Egypt. The concentrations of both S. platensis and Oscillatoria sp were 1, 2 and 3%
from the filtrate.

Fresh leaves of two plants were collected and transferred to Nematology
Laboratory of Plant Pathology Res. Inst., A.R.C., for extraction. The tested plants
were Ambrosia maritime and Eucalyptus globules. Standard leaf extracts were
prepared by crushing and dissolving 10, 15 and 20 g. of leaves in 100 ml distilled
water separately. The result solution was then centrifuged at 5000 rpm for five
minutes. The supernatant was filtered through a layer of muslin cloth, and dilution
was used.

Grape vine seedlings (vitis vinifera L.) superior seedless variety, six months
old were planted in 25cm diameter clay pots each containing 3 Kg steam —sterilized
soil with the rates (1:2) loam and sand respectively. The treatments were designed
in five replicates. Each pot was inoculated with 3000 active juveniles by making 3
holes at different depths (2-3 cm) around the roots and immediately after inoculation
the roots were covered with soil. Bioagents, algal species and plant extracts were
added to the soil at three concentrations under vines one time weekly for three
weeks under greenhouse conditions. All treatments received the same agricultural
treatment such as amount of water seedling /pot and amount of fertilizers. All pots
were arranged in completely randomized design, and kept under greenhouse
conditions at about 25-28 degree. The rate of application for all treatments in each
concentration was added as (100 ml./seedling). Oxamyl (vydat; 24% EC) as
nematicide at the recommended concentration at the rate of application (5L / 600 L
water /fed). All treatments were added one time weekly for three weeks at the same
concentration whereas oxamyl (24% EC) was used once at the recommended
concentration.

Sixty days after inoculation, all plants were carefully uprooted. Root and
shoot systems were weighted. Nematode populations in soil / 250 g. and on roots
were recorded according to (Franklin & Goodey, 1957). Roots were stained by
acid fuchsin in acetic acid according to Byrd et al. (1983), and examined for
counting number of developmental stages and females/ root. Egg-masses,
eggs/egg-mass of M. incognita were extracted by using sodium hypochoride
(NaOCl) method as described by (Hussey and Barker, 1973).

2. Efficacy of some bioagents, algal species and plant extracts in controlling
Meloidogyne incognita on grape vine under field conditions:

The experiment was conducted in an infested vineyard with M. incognita in
season 2015 on ten — years old Superior seedless grapevines seedless vines in a
private vineyard situated at Cairo- Alexandria desert road (78th kilometer). The
chosen vines were ten — year — old grown in a sandy soil in a private vineyard
spaced at 1.75 x 2.75 m and irrigated by drip irrigation system where cane pruned
and trellised by the Y shape system. Superior seedless grape vines grown in a
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sandy soil were chosen (8 treatments x 3 replicates x 5 vines/replicate in
randomized complete blocks design the mixed pruning system of pruning was
applied where vine load was 72 buds (6 canes x 12 buds each). Pruning was
carried out at the first week of January. All vines received similar and regular
agricultural practices. The treatments were used at the highest concentration one
time weekly for three weeks expect the oxamyl (24% EC) was used once at the
recommended concentration (5L / 600 L water /fed).

In this study seven different treatments were used as follows:
Bioagents micro-organisms (Trichoderma harzianum and Bacillus subtilis)

Blue green strains algal species (Cyanobacteria) (Spirulina platensis and
Oscillatoria sp.)

Plant aqueous extracts (Ambrosia maritime and Eucalyptus globules)
Oxamyl (24% EC) as nematicide
Check treatment with nematode only.

Every month nematode populations in both soil and root including number of
second stage juveniles/250g. in soil, developmental stages, females, eggs and
eggs/egg-mass were determined after treatments up from the bud burst to the
harvesting time. The nematode population in an aliquot of 250 g. soil was extracted
by sieving and decanting technique (Barker, 1985). Roots were stained by acid
fuchsin in acetic acid according to (Byrd et al., 1983), and examined for counting
number of developmental stages and females/g. root. Egg masses, eggs /egg-mass
of M. incognita were extracted by using sodium hypochoride (NaOCI) method as
described by (Hussey and Barker, 1973). The nematode population in both soil
and roots was calculated as a nematode reduction (%) according to Henderson,
G.E. and E.W. Tillton, (1955) formula.

Efficacy %= 100 x [1- (Total nematode population of treated vines after
application x Total nematode population of check vines before application) / (Total
nematode population of treated vines before application x Total nematode
population of check vines after application)].

Statistical Analysis

Data were subjected to analysis of variance (ANOVA) (Gomez and Gomez,
1984) and means were compared by using L.S.D. at 5% level of significance.

Results and Discussion

1. Efficacy of some bioagents, algal species and plant extracts in controlling
M. incognita on Superior seedless grapevines plants under greenhouse
conditions:

Data in Table (1) illustrated that all tested blue green strains algal species
(Cyanobacteria) treatments were effective in controlling root-knot nematode; M.

Egypt. J. Agronematol., Vol. 15, No. 1, (2016)



84 Samaa. M. Shawky et al.,.....

incognita under greenhouse conditions. Oxamyl (24% EC) and both S. platensis &
Oscillatoria sp. treatments were the most effective treatment than the other
treatments whereas T. harzianum and B. subtilis ranked the intermediate position in
the efficacy. On the other hand E. globules was the least effective treatment. Also,
data showed that positive correlation between efficacy of the treatments and
concentrations.

Data revealed that by using oxamyl (24% EC) and both S. platensis &
Oscillatoria sp. performed the highest decrease in both soil/l 250g and root
(developmental stages, egg laying females, number of eggs/ egg-mass) comparing
with the other treatments. Both T. harzianum and B. subtilis occupied the
intermediate rank in reducing the nematode populations, whereas Eucalyptus
globules resulted in the lowest number of nematode populations in both soil and
roots.

Data in Fig. (1) showed the number of galls in Superior seedless grapevines
plants. oxamyl (24% EC) and both S. platensis & Oscillatoria sp. treatments were
the lowest in number of galls M. incognita. T. harzianum and B. subtilis ranked the
intermediate position in number of galls. On the other hand, E. globules was the
highest in number of galls specially at the highest concentration.

60— B B. subtilis

BT. harzianum
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[4S. platensis
40~

@ Oscillatoria sp.

No. of galls

30

= A. maritime

20
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=)

E Nematode (check)

Fig. (1): Effect of some bioagents, algal species and plant extracts at the highest
concentrations on number of galls/ root system of M. incognita on Superior
seedless grapevines plants under greenhouse conditions.

Data in Fig. (2) showed the effect of some bioagents, algal species and plant
extracts on percent increase in fresh weight of the whole Superior seedless
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Table {1): Efficacy of some bicagents, algal species and plant extracts in controlling M. meognifs on Superior seedless grapevines
plants under gresnhouse conditions.
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grapevines plants infected by M. incognita under greenhouse conditions. The results
expressed as increasing % over control. Data indicated that increasing % of fresh
weight of the whole plant were greatly improved in oxamyl (24% EC) and both S.
platensis & Oscillatoria sp. at the highest concentration where the percentage of
increase reached (88.3, 82.1 and 78.8 %) respectively while, the treatment of E.
globules was (55.3%) at the lowest concentration.
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o

Fig. (2): Effect of some bioagents, algal species and plant extracts at the highest
concentrations on percent increase of fresh weight of the whole plant of
over control on Superior seedless grapevines plants infected with M.
incognita under greenhouse conditions.

2. Efficacy of some bioagents, algal species and plant extracts in on grape
infection by M. incognita under field conditions:

Data in Table (2) reveal that oxamyl (24% EC) and both S. platensis &
Oscillatoria sp. treatments resulted in the lowest final population of M. incognita
(PF) compared with the other treatments, whereas the highest final population of M.
incognita was associated with Eucalyptus globules only after two and three but
after four months of application the M. incognita (PF) increased. Oxamyl (24% EC)
and both S. platensis & Oscillatoria sp. treatments induced resistance in grape roots
against M. incognita. Results were achieved by (Khan et al., 2005) who suggested
that the application of algal filtrate helped the plant to resist nematode attack or may
played a direct role in the plant defense mechanism. Microorganisms and
compounds of microbial origin have been found to induce defense responses and/or
resistance in plants towards pathogens.
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Table [2): Efficacy of some bicagents, algal species and plant extracts in compar Boen with owamyl in centrolling M. mcognis in
Superior seedless grapes under field cenditions .
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Shawky et al., (2009) reported that in the productivity greenhouse experiment, the
combination of five algal culture filtrates of S. platensis, Oscillatoria sp., A. oryzae,
N. muscorum and P. fragile with A. pinnata and compost extract achieved the
highest reduction in the number of the 2m stage juveniles in soil, the numbers of
galls, developmental stages, females, egg masses, egg numbers/egg mass in roots
of cucumber plants comparing with the individual treatment and the non treated
control. Also, Shawky et al., 2014 resulted that in the productivity greenhouse
experiment, the combination of culture filtrates of Spirulina platensis, Anabaena
azollae, Azolla pinnata, Pleurotus columbinus and olive mill waste water achieved
the highest reduction in the number of total nematodes in both soil and roots, also
in numbers of galls. In addition, all combinations significantly increased the crop
yield of banana plants comparing with the individual treatment and the control.

The efficacy of S. platensis, Oscillatoria sp., T. harzianum, B. subtilis, A.
maritime and E. globules treatments in comparison with oxamyl were tested under
field conditions in an experiment lasted four months. Data in Table 2 showed that all
tested treatments were effective in decreasing the final nematode population and
rate of build-up of root knot nematode in both soil and roots. Total nematode
population in both soil and root samples revealed the suppressive effect of all
materials on the nematode counts. In general, the nematode counts decreased
gradually in both soil and root of treated plants. All treatments decreased in the total
nematode population ranging between 640 and 1380 one month after treatment in
comparison to the control that reached 2360. Then, remarkable suppression in
nematode counts obtained after three months in both soil and root samples. Both S.
platensis & Oscillatoria sp. treatments resulted in the highest decrease in the total
number of nematodes in both soil and root samples as soil application and the
highest efficacy treatments reached to 79.4, 78.0 % respectively after the three
months in comparison with the other treatments after the oxamyl treatment that
reached 84.6 % while, E. globules was the lowest efficacy treatment that reached
68.3% after the three months. These results agree with (Shawky et al., 2009;
Shawky et al., 2010; Soliman et al., 2011 and Shawky et al.,2014).

Yield of grape plants infected with M. incognita under field condition is shown in
Fig. (3). The yield was highest in both S. platensis and Oscillatoria sp. treatments
in comparison with oxamyl reached to 65 and 60 % over control, while, E. globules
treatment recorded the lowest percentage increase 23 % over control.

Shawky et al., (2009) mentioned that, in the productivity greenhouse
experiment, the combination of five algal culture filtrates of S. platensis, Oscillatoria
sp., A. oryzae, N. muscorum and P. fragile with A. pinnata aqueous extract filtrate
and compost extract achieved the highest reduction in the number of nematodes
and in roots of cucumber plants comparing with the individual treatment and the non
treated control. In addition, all combinations significantly improved fresh weight of
roots and shoots and increased the yield of cucumber plants.
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Fig. (3): Effect of Effect of some bioagents, algal species and plant extracts on
increase % of yield weight of grape plants infected with M. incognita over
control under field conditions.

Blue green strains algal species (Cyanobacteria) (Spirulina platensis and
Oscillatoria sp.) with some algae strains showed a remarkable reduction in the
nematode population; M. incognita and improved the fresh weight and cucumber
yield under greenhouse (Shawky, et al., 2009). In the productivity greenhouse
experiment, the combination of culture filtrates of Spirulina platensis, Anabaena
azollae, Azolla pinnata, Pleurotus columbinus and olive mill waste water achieved
the highest reduction in the number of total nematodes in both soil and roots, also
in numbers of galls. In addition, all combinations significantly increased the crop
yield of banana plants comparing with the individual treatment and the control
(Shawky et. al., 2014).

B. subtilis is reported as a bio-control agent against root-knot nematodes.
Moreover it act through production of number of antibiotics as bacterocin and
subitisin antibiotics (Ferreira, 1991; Farahat, 1998; Khan et al., 2002; Shawky &
Abd El- Moneim, 2005 and Shawky et al., 2010).

T. harzianum acts through different mechanisms including mycoparasitism,
also through production of antibiotic substances (Banhamoud & Chet, 1993).T.
harzianum acts through production of destructive enzymes i.e., chitenase (Bolar et
al., 2000). Trichoderma spp. can produce various toxin metabolites and different
enzymes that improve photolytic activity of the antagonist and control of nematodes.
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(Sharon et al., 2001; Faruk et al., 2002; Siddiqui & Shawkat, 2004; Shawky &
Abd EI- Moneim, 2005; Sahebani & Hadavi, 2008; Abd EI- Moneim et al., 2010
and Shawky & Al-Ghonaimy, 2015).

Plant aqueous extracts of both A. maritime and E. globules decreased the
build-up of nematodes (El-Hamawi et al., 2004 and Khalil & Shawky, 2008). The
impact of aqueous plant extracts on plant parasitic nematodes has been reported by
several authors. Plant extracts of Eucalyptus; Eucalyptus globules has nematicidal
effect on nematode population according to (Shaukat et. al., 2003; Ali, et. al., 2012
and Shawky & Al-Ghonaimy, 2015). Ambrosia maritima (damsisa) as intercropped
plants with soybean (Glycine max) cv. Giza 21 infected with Meloidogyne incognita,
significantly (P < 0.05 and 0.01) reduced nematode numbers on soybean as
indicated by the percent reduction of galls, developmental stages and egg masses
in roots and juveniles (J2) in soil Addition of chopped green leaves of A. maritima to
the soil planted to soybean significantly (P < 0.05 and/or 0.01) reduced M. incognita
reproduction and development. A. maritime also had an adverse effect on soybean
plant growth (ElI-Hamawi, et al., 2004). Also, Ambrosia maritime includes thogene,
flanders, glicocin, lambrosen, acassese, arthmin (Gad-El-Rab, 2000 and Khalil &
Shawky, 2008).

Conclusion

From the foregoing results, it can be concluded that. The most effective
treatments in controlling Meloidogyne incognita were both blue green strains algal
species (Cyanobacteria)( Spirulina platensis and Oscillatoria sp.), whereas the least
effective was Eucalyptus globules due to the highest safe best treatments
compared with oxamyl (24% EC) the lowest safe in addition to achieve the best
yield and fruit quality under both greenhouse and field conditions. All the treatments
improved fruit yield of grape under field conditions.
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